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Abstract 
As one of the top energy consumption country, China is under huge pressure of energy security, GHG 
emission control and environmental protection. Accounting for half of China energy-related emission, 
Chinese power sector especially need a quick development of clean generation technologies. However, 
the current developing speed is not enough and the crucial development thresholds of clean generation 
technologies are poorly understood. For these reasons, this study uses MESEIC (Multi-regional model for 
Energy Supply system and their Environmental ImpaCts) model to offer a suggested roadmap for Chinese 
power sector. Through different scenarios, this study sheds light on the penetration thresholds of various 
clean generation technologies and put forward policy suggestions in different time-scale for breaking out 
the thresholds. Setting solar power case as an example, the short-term threshold is its generating cost. The 
suggested solution is enacting promotional policies, such as feed-in tariffs (0.45 RMB/kWh), renewable 
portfolio standards, renewable energy certificate trading, tax based incentives etc. The long-term 
threshold is geography limitation, which can be solved by improving the power grid transmission capacity 
and developing distributed solar energy. 
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1. Introduction 
In recent years, China has quickly risen to the top ranks in global energy demand and its energy 
consumption is still growing at an alarming speed. This energy-intensive development brings China lots 
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of serious environmental problem, such as haze and greenhouse effect. In the need of reliving energy 
intensity, protecting people’s health and achieving the goal of 2 temperature rise, China needs to 
change its energy structure to a cleaner one. As the largest energy-related emission sector, Chinese power 
sector urgently need this transition. During recent years, a number of efforts have been initiated in China 
to improve the energy structure of power sector, such as the ambitious goal set in 12th Five-Year Plan 
(2011-2015). However, the current improving speed is not enough and the crucial development thresholds 
of clean generation technologies are poorly understood. Thus, a suggested development roadmap in 
different time-scale for Chinese power sector clean generation technologies is needed. This study aims to 
shed light on the penetration thresholds of clean generation technologies and put forward policy 
suggestions in different time-scale for breaking out the thresholds.  
2. Methodology 
2.1. Model description 
Chinese power sector is divided into six regions in this MESEIC (Multi-regional model for Energy 
Supply system and their Environmental ImpaCts) model, with regional technology and resource 
parameters. The model consists of Data Input, Objective Function, Constraints and Data Output, see Fig 1. 
The objective function of the model to be minimized is the accumulated total cost of Chinese power 
sector during the planning horizon, including generation costs and inter-regional power transmission cost. 
The output of the model is the optimal pathways of Chinese power sector including installed capacity 
development, generation composition, installations of emission control devices, fuel consumptions, CO2, 
SO2, and NOX emission trends, demand for inter-regional power transmissions and total cost, both 
nationally and regionally. All the actions are considered on a yearly basis [1]. 
 
 
Fig. 1. Model structure 
2.2. Objective function and constrains 
This MESEIC model is developed based on the BOMCES model [1], with the new added land-use 
module and water consumption module. It’s time scale is lengthened to 2050. However, the objective 
function and constrains are similar in these two models. Thus they won’t be covered here. 
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2.3. Data and assumptions 
2.3.1. Projection of regional electricity demands 
The regional electricity demands from 2010 to 2030 are projected as follows, when D as the regional 
electricity demand of the regional power grid, d as the regional electricity demand per capita, P as the 
regional population, G as the regional GDP, g as the regional GDP per capita, a and b as the linear 
regression parameters. Adjustments εr is made to the regional projection results to better suit the regional 
historical path: 
 
Dr,t=dr,t•Pr,t+ε=(a•gr,t+b)•Pr,t+ε=(a•Gr,t/Pr,t+b)•Pr,t+εr                                                                                     (1) 
 
The regional electricity demands growth from 2030 is considered to shift into a lower level, as the GDP 
growth of China will slow down at that time. According to the data from China Electricity Council [2], 
we set the annual electricity demand growth as 3.6%, from 2030 to 2050. The data showed in Table 1. 
Table 1. Projection of annual growth rates of regional electricity demand 
Region North Northeast East Central Northwest South National 
2010-2020 7.24% 9.51% 8.05% 8.71% 5.19% 6.90% 7.72% 
2020-2030 4.88% 5.74% 4.85% 5.37% 4.41% 4.79% 5.01% 
2030-2050 3.6% 
2.3.2. Technology data 
For generation technologies, we have collected historical data including installed capacities, electricity 
generation, capital investment cost, operation and maintenance cost, amounts and intensities of fuel 
consumption, auxiliary loss rate, annual utilization hours and air pollution emission from statistical data 
[3,4,5,6,7,8].  
2.3.3. Assumptions 
Several assumptions are made in this study: 
 The base year is 2010 and discount rate is assumed to be 0.08 as reference case. 
 We assume that the CO2 emission intensity of Chines power sector will reduce 50% at 2030 and 
90% at 2050.  
 We assume that all coal-fired power plants’ lifecycle is 30 years and no plant will be 
decommissioned unless its lifecycle has been fulfilled. A decommissioned plan for <300MW coal-
fired capacities and sub-critical coal-fired capacities is set according to historical capacity data 
during 1990 to 2000 [4]. 
3. Scenario setting and results 
3.1. BAU scenario 
In the BAU scenario, there is no promotional or restrictive policies for clean energy. The generating 
capacity results showed in Fig. 2 mainly shaped by the CO2 emission control targets and the projections 
of electricity demand. Under the BAU scenario, we found that: 
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For the hydro power, it cannot achieve the superiority position in the generating capacity, even with the 
lowest generating cost.  In our study, the main penetration thresholds of hydro generation showed in two 
aspects. In the technology aspect, the annual generating hours of hydro generation are about half of the 
level of coal, biomass and nuclear power, which makes it hard to meet the electricity demand. In the 
geography aspect, most of Chinese water resource is located at the south of China. However, the 
electricity intensity cities are located at the east of China.. 
For the nuclear power, it obviously occupies the dominant position in the generating capacity, due to its 
low generating cost, zero emission and long generating hour. The main penetration thresholds of nuclear 
power will be the national restrictive policies, on the consideration of national security and people’s will.  
 
 
Fig. 2. (a) Generating capacity and cost in 2050 under BAU scenario; (b) Percentage of generating capacity under BAU scenario 
For the biomass, wind and solar power, the generating cost is probable an important threshold. So our 
study sets a lot of cost decreasing scenarios in chapter 3.2 to figure out the extent of this threshold and the 
further barriers behind this threshold. 
3.2. Feed-in tariff scenarios 
In the feed-in tariff scenarios, we consider the decrease of generating cost of biomass, wind and solar 
power. We try to find out to what extent the government subsidy will effectively help the clean energy 
overcome the financial threshold.  
Our simulating results suggest that the effective subsidy for the biomass, wind and solar power will be 
0.08RMB/kWh, 0.45RMB/kWh and 0.5RMB/kWh, respectively. Yet, considering the complexity of 
Chinese power sector, these numbers cannot be specific, they can be considered as reference. However, 
the rank of effective subsidy and the growth stagnated point of capacity share will offer us important 
information. 
For the biomass power, the simulating results suggest that generating cost is not a crucial threshold, as 
biomass power can have a good development without the subsidy. The sudden increasing showed in Fig.3 
is mainly because the subsidy makes its generating cost competitive to coal power, so the biomass power 
replaces the high-cost low-emission coal power, such as IGCC and CCS.  Despite the facts mentioned 
before, how to meet the rapid increasing need of biomass material will be a crucial threshold. Biomass 
planting might bring huge pressure to the land-use, water security and food security. 
For the wind and solar power, generating cost is a crucial threshold. Before the growth stagnated point, 
their development mostly depends on the promotional policies, such as financial subsidy. Nevertheless, 
their growth stagnated point is very low, which indicates that their development space is limited. This 
limitation mainly comes from geography, which is similar to the hydro power. The west and north part of 
China has rich wind and solar energy, yet the electricity intense cities are located at the east of China. 
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Fig. 3. Generating capacity share and subsidy of biomass, wind and solar power in 2050 
4. Conclusions and policy implications 
To sum up, biomass, nuclear, wind and solar power all have their development potential, and they are 
all facing some crucial thresholds. However, the most important thing is to figure out what is the suitable 
priority for these thresholds and offer a roadmap for Chinese clean energy development in power sector 
(see table 2). 
For the biomass power, the current job is enacting policies to improve the recycle use of farming and 
forestry residue. In the future, China might need to make plans for the bioenergy crop planting with the 
full consideration of land use intensity, water security and food security. 
For the wind and solar power, they still need promotional policies in the near future, such as feed-in 
tariffs, renewable portfolio standards, renewable energy certificate trading, tax based incentives etc. The 
current job is to improve the power grid transmission capacity, which will effectively avoid the energy 
waste situation. In the future, developing the distributed solar energy will be a good choice, due to its 
small size of land use and convenience on using. 
For the nuclear power, its crucial threshold is different from other generating technologies. The current 
job is to improve the security of nuclear power and establish reasonable crisis management mechanism. 
Additionally, if the governments decide to promote nuclear power, they need to work hard to disseminate 
the scientific knowledge of nuclear power and to dissipate people’s suspicion on nuclear power. 
Table 2. Penetration thresholds and suggested solutions for clean energy 
Generating 
type Crucial threshold 
Suggested solutions 
Short-term Lont-term 
Biomass biomass materials 
Enacting policies to improve the 
recycle use of farming and 
forestry residue  
Making plans for the bioenergy 
crop planting 
Wind generating cost 
Promotional policies, such as 
feed-in tariffs (0.45 RMB/kWh), 
renewable portfolio standards, 
renewable energy certificate 
trading, tax based incentives etc. 
 
geography limitation Improving the power grid transmission capacity 
Hydro geography limitation - technology limitation 
Solar generating cost 
Promotional policies, such as 
feed-in tariffs (0.5 RMB/kWh), 
renewable portfolio standards, 
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renewable energy certificate 
trading, tax based incentives etc. 
geography limitation 
Improving the power grid transmission capacity 
 Developing distributed solar energy 
Nuclear restrictive policy 
Improving the security of nuclear power and establishing reasonable 
crisis management mechanism. 
people’s willingness Disseminating the scientific knowledge of nuclear power 
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